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Abstract
Much of the previous research concerning dehydration 
and performance has centered around prolonged submaximal 
work while seemingly little attention has been focused upon 
short term incremental exercise. Numerous investigators 
have suggested that dehydration may alter carbohydrate meta­
bolism in muscle. Theoretically, altered glycolytic flux 
in exercising muscle could result in a change in the rate of 
blood lactate (La) accumulation, and thus shift the anaerobic 
threshold. Anaerobic threshold (ATl3 ) has been formally de­
fined as the oxygen uptake (V0 2 ) at which there is a system­
atic increase in blood La. Additionally, the ATls has been 
estimated from a nonlinear increase in expired ventilation 
(ATye ) during incremental exercise. The purpose of this 
study was to investigate the effect of acute dehydration on 
the onset of ATLa during graded exercise. Six trained male 
subjects performed an incremental cycle ergometer test to 
exhaustion during which the work rate was increased by 3 0 
watts every 3 minutes. Ventilation, gas exchange measures, 
and blood samples for La analysis were obtained every third 
minute during the test. Subjects were tested twice, once in 
a normally hydrated condition (N) and once in a thermally de­
hydrated condition (D). The treatment order was counter 
balanced, and tests were one week apart. Acute thermal dehy­
dration was induced by intermittent sauna exposure. Subjects 
were dehydrated until they had lost 5% of their initial body
viii
weight. Blood La showed a trend towards higher concentra­
tions across time in the D condition but the differences were 
not significant, F(l,5) = 1.40, p > .29, between the experi­
mental conditions. However, the ATEa occurred at a signifi­
cantly, t(5) = -2.02, p < .09, lower Vq  ̂ during exercise in 
the D condition when compared to work in the N condition.
The correlation between ATl s and ATyE in the N condition was 
r = -.51 (p > .30) while the relationship between the ATLa 
and ATyE in the D experiment was r = .16 (p > .77). These 
data suggest that acute dehydration may alter the ATL a .
Also, the low correlations between the ATLa and ATyE in both 
experimental treatments indicated that there may be factors 
other than blood La concentrations which affect respiratory 




Dehydration has been shown to reduce performance in 
both prolonged submaximal and maximal work. Much of the 
previous research concerning dehydration and performance 
has centered around prolonged submaximal exercise while 
seemingly little attention has been focused upon short term 
high intensity exercise (Claremont, Costill, Fink, & Handel, 
1976; Francis, 1979a; Gisolfi & Copping, 1974; Henschel,
1971; Ladell, 1964; Moore & Buskirk, 1960, p. 226; Palmer, 
1967; Ribisl & Herbert, 1971; Saltin, 1964a, 1964b; Torranin, 
Smith, & Byrd, 1979).
Numerous investigators have suggested that exercise 
following dehydration may alter carbohydrate metabolism in 
muscle (Costill, Cote, & Fink, 1976; Saltin, 1964a, 1964b; 
Torranin et al., 1979). Saltin (1964b) reported a reduc­
tion in blood lactate (La) concentrations following intense 
exercise after dehydration with no change in maximal oxygen 
uptake (V02 max). Further, he reported (1964a, 1964b) a 
reduced work capacity after dehydration and postulated that 
this reduction in performance might be due to a reduction 
in the muscle cell's capacity for anaerobic glycolysis. 
Theoretically, a decreased glycolytic flux could result in 
a reduced rate of anaerobic adenosine triphosphate (ATP) 
production and therefore reduce performance at high work 
rates.
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Francis (1979b) and Knochel (1974) found that dehydra­
tion increased cortisol levels. Cortisol may be involved 
in the supply of muscle substrate during exercise (Hagen- 
feldt, Bjorkman, & Wahren, 1980). It has a gluconeogenic 
effect, increases during exhaustive exercise, and is known 
to inhibit glucose uptake and oxidation by many body cells 
(Vander, Sherman, & Luciano, 1980, p. 553). It is likely 
that the stress of acute dehydration may increase cortisol 
release and thus hinder glucose metabolism. Thus, elevated 
blood cortisol levels may be one of the factors responsible 
for the reduced blood La levels during exercise after dehy­
dration.
During incremental exercise in a normal state of hydra 
tion, there appears to be a critical level of work beyond 
which the production of La is markedly increased (Gollnick 
& Hermansen, 1973; Hermansen & Stensvold, 1972; Knuttgen, 
1962; Wasserman, Whipp, Koyal, & Beaver, 1973). Recently 
the term "anaerobic threshold" (ATLa) has been applied to 
describe this point of increasing reliance on anaerobic me­
tabolism for the production of ATP (Wasserman et al., 1973) 
Further, according to Wasserman and Mcllroy (1964) changes 
in the blood La levels provide evidence of anaerobic gly­
colysis in the exercising muscle. Anaerobic threshold has 
been formally defined as the oxygen uptake (V0 2 ) at which 
there is a systematic increase in blood La concentration 
(Wasserman, Whipp, Casaburi, & Oren, 1980, p. 65).
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Thus, one approach to investigating the effects of 
acute dehydration on anaerobic metabolism might be to moni­
tor blood La levels during incremental exercise. If there 
is an alteration in the rate of accumulation of blood La due 
to dehydration it should be reflected by a shift in the ATLa- 
Statement of the Problem 
Evidence suggests that acute dehydration might mediate 
a shift from carbohydrate to fat metabolism during work 
(Costill et al., 1976b). Theoretically, this change in car­
bohydrate metabolism could change the rate of blood La ac­
cumulation and would consequently alter tha ATl s during 
graded exercise. This study was designed to investigate the 
effect of acute dehydration on the onset of ATLa during in­
cremental exercise.
Hypothesis
The hypothesis tested within this investigation was 
that acute thermal dehydration would reduce the ATLa in 
trained men.
Significance, of the Study 
It has been suggested that blood La levels reflect lac­
tic acid concentrations at the cellular level. The possibil­
ity that acute dehydration might alter the rate of blood La 
accumulation during incremental exercise is of importance.
An investigation of the influence of acute dehydration on 
exercise performance and the rate of blood La accumulation 
would provide additional information concerning exercise
metabolism and the limitations of endurance performance.
Delimitations of the Study
This study was delimited to:
1. male volunteers from the Louisiana State University 
community who were in good health and were engaged in aero­
bic training programs of various types;
2. acute dehydration (independent variable) achieved 
by intermittent sauna exposure followed by a progressive 
cycle ergometer exercise bout, and a control progressive 
cycle ergometer exercise bout;
3. use of ATLa (dependent variable) to estimate treat­
ment effects.
Limitations of the Study
The findings of this study were limited by the follow­
ing factors:
1. the subjects in the study were not randomly se­
lected;
2. the accuracy and precision of the measurement in­
struments used to collect the data were calibrated care­
fully; however, possible error due to instrumentation must 
be acknowledged;
3. three independent investigators determined ATLa from 
computer drawn plots of blood La concentrations graphed as a 
function of work rate. There is some subjectivity involved 
in such decision making;
4. thermal dehydration may impose factors which could 
not be controlled in the study (e.g., blood levels of cor­
tisol, epinephrine, norepinephrine may vary among subjects);
5. exercise after dehydration requires intense subject 
motivation to continue work to maximal levels.
CHAPTER 2 
REVIEW OF LITERATURE 
The purpose of this study was to evaluate the influence 
of acute thermal dehydration on the AT^a . This chapter has 
been divided into three sections which review studies re­
lated to 1) acute dehydration and its effects on plasma 
volume and consequential effects on submaximal and maximal 
exercise performance, 2) the etiology of lactate produc­
tion and accumulation in blood during submaximal and maximal 
work, and 3) the ATl 3 .
Physiological Response to Acute Dehydration 
The loss of body fluids via dehydration causes water to 
leave the extracellular fluid compartment. Immediately some 
of the intracellular water passes into the extracellular 
compartment by osmosis. This maintains equilibrium of os­
molalities (Guyton, 1976, p. 435). The decreased plasma 
volume (Claremont et al., 1976; Horstman & Horvath, 1972; 
Nadel, Wenger, Roberts, Stolwijk, Cafarelli, 1977; Saltin, 
1964a, Senay, 1970; Sproles, Smith, Byrd, & Allen, 1976; 
Wyndham, 1973) results in a fall in blood pressure. The cen­
tral circulatory system responds with a decrease in venous 
return, reduced stroke volume, and an increase in heart 
rate (Knochel, 1974). The kidneys respond by releasing 
renin to initiate the renin-angiotensin vasoconstrictor 
system (Ricci, 1967, p. 22). Renin persists in the blood 
for as long as one hour, influencing the conversion of
angiotensin for that period. Angiotensin directly (and in­
directly, by stimulating the release of aldosterone (Ladell, 
1964)) causes the kidneys to decrease excretion of salt and 
water while still allowing normal excretion of waste pro­
ducts (Guyton, 1976, p. 470; Vander et al., 1980, p. 390).
The action of aldosterone on the renal tubule may last for 
several hours (Costill, Branam, Fink, & Nelson, 1976;
Knochel, 1974). In addition, antidiuretic hormone (ADH) 
may be increased if reduced blood volume causes lowered 
pressure in the atria of the heart. Antidiuretic hormone 
increases the retention of water and assists in the control 
of sodium ion concentration (Guyton, 1976, p. 474). A de­
crease in plasma volume also increases the secretion of ad- 
renocorticotrophic hormone (ACTH) which stimulates cortisol 
release (Francis, 1979a). Cortisol enhances stimulation of 
gluconeogenesis by other hormones and inhibits glucose oxi­
dation by many cells (Vander et al., 1980, p. 552).
In summary, dehydration causes a decrease in plasma 
volume. The cardiovascular response is to maintain arterial 
pressure by increasing heart rate to offset the reduction in 
stroke volume and venous return. Cortisol is increased due 
to dehydration and influences glucose formation and utiliza­
tion. The renin-angiotensin system is activated, resulting 
in renal vasoconstriction which serves to help maintain venous 
return and thus stroke volume. Aldosterone, ACTH, and ADH 
are also released in order to conserve water and sodium.
Effects of Acute Dehydration on Physiological
Responses to Submaximal Work
The maintenance of stroke volume during exercise may­
be compromised if central blood volume falls excessively, 
as it might in dehydration (Wyndham, 19 73). In submaximal 
work a compensatory increase in heart rate occurs via sympa­
thetic reflexes (Rowell, 1974). After dehydration, at the 
same submaximal work load heart rate is further increased, 
cardiac output is unchanged, and oxygen uptake is unchanged 
(Saltin, 1964a, 1964b). This increase in heart rate during 
submaximal exercise after dehydration is well documented 
(Costill & Sparks, 1976; Horstman & Horvath, 1972; Ladell, 
1964; Palmer, 1967; Saltin, 1972, 1964a, 1964b; Sproles et 
al., 1976).
In addition to circulatory alterations, dehydration 
produces changes in the concentrations of biologically im­
portant substances. Increases in plasma cortisol have been 
reported after two hours of exercise in the heat (Francis, 
1979b) and during exposure to intense heat or hard physical 
work (Knochel, 1974). Knochel (1974) and Vander and others 
(1980, p. 555) also reported growth hormone (GH) release in 
response to physical work and/or heat exposure alone. Re­
search dealing with blood La levels in the heat have been 
conflicting. Decreased blood La levels have been observed 
during submaximal work after dehydration (Saltin, 1964a, 
1964b; Saltin & Stenberg, 1.964) . DeLanne, Barnes, Brouha,
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and Massart (1959) reported lower blood La levels during 
heavy work in the heat. In 1965 Rowell, Blackmon, Martin, 
Mazzarella, and Bruce found blood La levels to be unchanged 
during exercise in the heat, while in other similar studies 
(Rowell, Brengelmann, Blackmon, Twiss, & Kusumi, 1968; Wil­
liams, Bredell, Wyndham, Strydom, Morrison, Peter, Fleming, 
and Ward, 1962) higher La levels were reported.
Torranin and others (1979) suggested that a reduction 
in local muscular endurance after dehydration was partly a 
result of disruption in muscle blood flow. Costill and 
others (1976b) suggested that dehydration causing loss of 
5.8% of the total body weight resulted in a decrease in car­
bohydrate metabolism and a consequent increase in lipid me­
tabolism during exercise at 70% of V02 max.
Summary
Compared to exercise at normal hydration, during sub­
maximal exercise after dehydration there is increased plasma 
osmolality due to hemoconcentration, reduced stroke volume, 
and an increase in heart rate. Cardiac output does not 
change and V02 is maintained. Increases in plasma cortisol 
and GH after dehydration have been noted, but these occur 
during exercise in the absence of dehydration as well.
Blood La levels during exercise following dehydration have 
been reported unchanged, lower, and higher when compared to 
exercise under control conditions.
v
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Effects of Acute Dehydration on Physiological 
Responses to Maximal Work
The circulatory effects of water loss are apparent in 
submaximal work, but in maximal work the Vq ^, stroke volume, 
cardiac output, and heart rate are maintained in spite of 
dehydration (Rowell, 1974; Saltin, 1972, 1964a, 1964b;
Sproles et al., 1976). While heart rate and venous return 
do not allow for complete filling during submaximal work, 
during high intensity work the muscle pump becomes more 
effective and vasomotor activity, especially in capacitance 
vessels, permits maintenance of maximal stroke volume 
(Saltin, 1964b) and cardiac output (Horvath & Howell, 1964; 
Neilson, 1976). At maximal work these mechanisms allow the 
body to compensate at least for a few minutes for the de­
crease in plasma volume (Saltin, 1964b).
Time to exhaustion during maximal work is diminished 
significantly by dehydration (Craig & Cummings, 1966; Palmer, 
1967; Ribisl & Herbert, 1971; Saltin, 1972, 1964a; Sproles 
et al., 1976). In Saltin's work (1964b) the length of maxi­
mal work time was reduced from six minutes in the normal hy­
drated state to four minutes after acute dehydration. Craig 
and Cummings (19 66) stated that if this reduced physical 
work capacity were due to a deficient blood supply in the 
working muscles, it would be manifested as a reduced V0 2 ' 
however, they did not observe a change in max.
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Reduced peak blood La levels following maximal exercise 
in a dehydrated state have been reported by Saltin (1964a). 
However, since maximal work time was reduced, the lower blood 
La levels would be expected. Saltin (1964a) noted that psy­
chological factors may be a decisive factor during exhaus­
tive work, and that his subjects complained regularly that 
the legs were the limiting factors at maximal work loads. 
Summary
In maximal work after dehydration there is no change 
in V02 max, arteriovenous oxygen difference, heart rate, 
stroke volume, or cardiac output. Maximal work time, how­
ever, is reduced and peak blood La levels may be lowered.
Lactate Production in Muscle 
Blood La Accumulation During Exercise
When local circulation is adequate for the work rate 
being performed, all of the energy requirements may be sup­
plied by ATP generated by aerobic mechanisms (Knuttgen,
1962). If the number of motor units required for work in­
creases so that oxygen delivery is inadequate, the partial 
pressure of oxygen will drop to low levels in the mitochon­
dria and will prevent ATP from being generated aerobically. 
This results in increased anaerobic glycolysis to maintain 
ATP production at an adequate level to sustain work and thus 
lactic acid (HLa) production is increased. This rise in the 
formation of HLa is buffered predominantly in the cell by 
hydrogen phosphate and in the extracellular fluid by the
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bicarbonate system (Simonsen, 1971; Wasserman et al., 1973; 
Weltman & Katch, 1979).
There is some confusion about the translocation of La 
from the intracellular compartment to the vascular space. 
Margaria, Edwards and Dill (1933) reported that La is a small 
molecule which easily diffuses to all water compartments 
from the cells where it is produced. Lactate translocation 
may also occur by a carrier mechanism (Hultman & Sahlin,
1980, p. 68; Karlsson & Jacobs, 1982). In Gollnick and 
Hermansen's work (1973, p. 14) immediately after maximal 
exercise the skeletal muscle La was higher than in the blood, 
but within seven minutes after cessation of work muscle and 
blood La were about the same. Blood La levels appear to re­
flect the rate of addition and removal of La from the vas­
cular spaces (Gladden & Welch, 1978; Gollnick & Hermansen, 
1973; Hermansen & Stensvold, 1972; Skinner & McLellan, 1980; 
Soule, 1976; Sutton, 1977). Both active and inactive skele­
tal muscle can remove La during exercise (Gollnick & Herman­
sen, 1973, p. 16; Rowell, Kraning, Evans, Kennedy, Blackmon,
& Kusumi, 1966; Withers, Sherman, Miller, & Costill, 1981) 
and it has been suggested that 50% of the La removed by 
exercising muscle is immediately metabolized (Ivy, Withers, 
Van Handel, Eiger, & Costill, 1980). During recovery from 
intense muscular activity the liver is very active in syn­
thesizing glucose from La (Lehninger, 1975, p. 624). Rowell 
and others (1966) noted that non-metabolic loss of La can
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occur via the kidneys and perspiration, though these losses 
are negligible up to very high blood concentrations. They 
also suggested that there may be mechanisms other than oxi­
dation for the removal of La. Skinner and McLellan (1980) 
caution that the relationship between blood La and muscle 
La is dependent on the time of blood sampling.
During work of an intensity up to approximately 50-60% 
of the individual's Vq 2 max the blood La concentration re­
mains almost unchanged during the exercise period (Gollnick 
& Hermansen, 1973). After this, the blood La concentration 
increases steeply with an increasing load and it appears to 
accumulate exponentially as a function of work intensity 
(Knuttgen & Saltin, 1972). Thus, there appears to be a crit­
ical level of work beyond which the production is markedly 
changed (Gollnick & Hermansen, 1973; Hermansen & Stensvold, 
1972; Knuttgen, 1962; Wasserman et al., 1973). This crit­
ical level, the ATl3 , has been found to occur between 40 and 
70% of the Vq2 max. When this systematic increase in blood 
La concentration appears, other conditions arise: 1) a 
non-linear increase in Vg and volume of carbon dioxide ex­
pired, with end-tidal carbon dioxide remaining constant; VE 
increases to eliminate the increased carbon dioxide produced 
from buffering without letting end-tidal carbon dioxide 
change, 2) an increase in the fraction of expired oxygen 
without a corresponding decrease in the fraction of expired 
carbon dioxide (Sady, Katch, Freedson, & Weltman, 1980;
14
Wasserman et al., 1973).
During moderately heavy work loads (60-85% of Vq 2 max) 
the blood La level increases rapidly during the first five 
to ten minutes (Karlsson & Jacobs, 1982). This probably 
reflects the extent to which muscle glycogen was utilized 
for substrate prior to free fatty acid mobilization (Rowell, 
1971). If the work load is continued for more than ten 
minutes, the blood La concentration may level off or even 
decrease; however, the elevated value may be maintained for 
work bouts of thirty minutes or more (Gollnick & Hermansen, 
1973). If the work load is increased above 85% of V02 max, 
blood La concentration increases rapidly until the subject 
attains V02 m ^x (Skinner & McLellan, 1980). At 90% or more 
of V02 max blood La concentration increases until fatigue 
causes work to terminate (Gollnick & Hermansen, 197 3), the 
concentration being in a range of 11-14 mMol/L (Astrand & 
Rodahl, 1976, p. 309).
The most common explanation for La production during 
submaximal work is inadequate oxygen (Gollnick & Hermansen, 
1973; Knuttgen, 1962); however, some authors do not accept 
insufficient oxygen supply as the cause for La production 
in all cases (Jacobs, 1981; Keul, Doll, & Keppler, 1972; 
Huckabee, 1958a, 1958b; Weltman & Katch, 1979). They sug­
gest that La increases in some conditions may result from 
an imbalance between pyruvate production and pyruvate utili­
zation in the tricarboxylic acid cycle.
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Biochemical Control of Glycolysis
Jacobs (1981) suggests that the presence of enzymes, 
substrate, and the cellular location of enzymes are "cru­
cial" in glycogenolytic rate regulation. He states that 
some pyruvate is reduced to La even when predominantly 
aerobic energy is being derived, and he relates this La 
formation to the percentage of fast twitch muscle fibers 
and to the relative glycolytic capacity of the muscle. He 
also states that the net accumulation of La during exercise 
may depend on an imbalance in the availability of carbohy­
drate and fat. Robin and Hance (1980) agree that glycolysis 
is regulated largely by enzymes, substrate availability, and 
cellular localization of enzymes (pp. 107-109).
The glycolytic pathway is negligible in short term 
maximal work (< 10 seconds) while glycolysis plays an in­
creasing role in work of longer duration (>30  seconds). 
Short maximal exercise is dependent on the available stores 
of ATP and creatine phosphate (CP) (Keul, 1973). For maxi­
mal exercise bouts of longer duration (> 30 seconds) the 
pathway for the regeneration of ATP is anaerobic glycolysis; 
the end product of the anaerobic glycolysis is La (Astrand, 
1976, p. 295).
If oxidative metabolism is predominant, the metabolite 
concentration in the working cells (creatine phosphate, and 
citrate are high, ADP, AMP, and inorganic phosphate are low) 
modulates and inhibits phosphofructokinase (PFK) activity.
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Phosphofructokinase catalyzes the rate-limiting step in 
glycolysis (Lehninger, 1975, p. 533). If work intensity 
demands, energy-rich phosphates serve as the first energy 
source; within seconds muscle contractions activate the 
phosphorylase system and PFK. After several minutes cate­
cholamine release further activates glycogenolysis (Keul et 
al., 1972, p. 90; Robin & Hance, 1980, p. 105). The con­
version of glycogen to glucose-l-phosphate is catalyzed by 
myophosphorylase which exists in an active form, phospho­
rylase b (Chasiotis, Sahlin, & Hultman, 1982). According 
to Robin and Hance (1980) phosphorylase kinase is a con­
troller in this process and itself is dependent on Ca+ 2 and 
cAMP dependent protein kinase. This hormonal control may 
be important in glycolysis (Keul et al., 1972, p. 42;
Jacobs, 1981).
Also affecting glycolytic potential in skeletal muscle 
are the amount and kind of pyruvate kinase and lactate de­
hydrogenase (LDH) (Robin & Hance, 1980; Skinner & McLellan, 
1980). The content of LDH in the muscle influences cellular 
La production. Lactate dehydrogenase can be heart specific 
(H-LDH) or muscle specific (M-LDH). The M-LDH isozyme fa­
cilitates the conversion of pyruvate to La while the H-LDH 
favors the conversion of lactate to pyruvate (Skinner & 
McLellan, 1980).
Other factors which influence glycolysis are pH, the 
reduction-oxidation state of the cell, and temperature 
(Robin & Hance, 1980). At high rates of glycolysis, HLa and
other acids accumulate, reduce pH, and inhibit PFK (Jacobs, 
1981; Keul et al., 1972; p. 50) and thereby inhibit glycol­
ysis; a balance between glyceraldehyde 3-phosphate dehy­
drogenase and LDH accomplishes this in part (Robin & Hance, 
1980). Maximal rates of glycolysis may be affected by the
increased temperature of the exercising muscle, which pro­
bably increases the rate of some reactions (Robin & Hance, 
1980).
Muscle Fiber Type and La Production
At the beginning of prolonged, moderately intense exer­
cise (50% Vo 2 max) Type I, or slow twitch (ST), fibers are 
recruited progressively over time (Ianuzzo, 1976; Withers 
et al., 1981). During incremental exercise, as intensity 
increases there is a progressive recruitment of FT fibers 
(Astrand & Rodahl, 1977, p. 317; Davis, Vodak, Wilmore,
Vodak & Kurtz, 1976; Ianuzzo, 1976; Mathews & Fox, 1974; 
Saltin, 1973; Skinner & McLellan, 1980; Wasserman et al., 
1973). Slow twitch fibers have high oxidative capacity 
while FT fibers have high glycolytic capacity (ianuzzo,
1976; Saltin, 1973). Ivy and others (1980) found the per­
centage of ST fibers was significantly related to the accu­
mulation of blood La in both absolute and relative terms.
The recruitment of FT fibers, which contain predominantly 
M-LDH, leads to a greater production of La in the muscle 
cell (Skinner & McLellan, 1980; Weltman & Katch, 1979).
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Effects of Training on La Production
It is well documented that endurance training reduces 
blood La levels during constant load submaximal exercise 
(Davis, Frank, Whipp, & Wasserman, 1979; Ivy et al., 1980; 
Keul et al., 1972; Londeree & Ames, 1975; MacDougall, 1977; 
Patton, Heffner, Baun, Gettman, & Raven, 1979; Saltin, Nazar, 
Costill, Stein, Jansson, Essen, & Gollnick, 1976; Sutton, 
1978; Weltman & Katch, 1979; Withers et al., 1981). Possible 
mechanisms for lower La levels after endurance training in­
clude improved circulation in the trained muscles, increased 
oxidative capacity in the muscle fibers, increased La uptake, 
and an alteration in the fiber recruitment pattern by an in­
creased activation of the ST oxidative fibers (Davis, Frank, 
Whipp, & Wasserman, 1979; Donovan & Brooks, 1982). Davis 
and others (197 9) have postulated that in the trained state 
the activation of FT glycolytic fibers is delayed as work 
rate increases over progressive exercise. Sutton (1978) re­
ported that untrained persons use a greater proportion of 
carbohydrate than fat as the energy substrate and that hor­
mone regulation of the energy substrates may differ in fit 
and unfit persons. Hermansen, Hultman, and Saltin (1967) 
suggest that fatty acid oxidation constitutes the greater 
percentage of energy metabolism in trained compared to un­
trained individuals working at the same exercise intensity. 
Thus, an increase in cellular free fatty acid concentrations 
could inhibit carbohydrate metabolism and thus reduce La
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production (Costill, Coyle, Dalsky, Evans, Fink, & Hoopes, 
1977; Rennie and Holloszy, 1977; Skinner & McLellan, 1980). 
Summary
During incremental exercise at a low intensity, blood 
La concentration remains almost unchanged. As exercise in­
tensity increases, blood La levels increase linearly as a 
function of the work rate. At a critical level (the ATl 3 ) 
the production of La is markedly changed and blood La levels 
rise systematically.
Phosphofructokinase, which is regulated by the ADP/ATP 
ratio, cAMP, and pyruvate kinase all contribute to sustain­
ing glycolysis. The predominance of either M-LDH or H-LDH 
isozyme determines whether La or pyruvate is the primary 
product of glycolysis.
The type of fiber recruited during progressive exercise 
and the pattern of recruitment will influence the La accu­
mulation. If ST oxidative fibers (utilizing H-LDH) can be 
used longer, La production might be delayed. When FT gly­
colytic fibers (utilizing M-LDH) are recruited, the produc­
tion of La will increase when they exhaust their oxidative 
capacities.
Endurance training will enhance oxidative capabilities 
of the trained muscles and thereby delay the accumulation of 
La in incremental exercise. Endurance training may increase 
the ability of the cell to utilize free fatty acids as the 
substrate.
Finally, the rate of La production seems to be depen­
dent upon factors which influence the internal milieu of the 
exercising muscle: factors such as enzyme-substrate rela­
tionships, pH, hormonal control, and temperature. It is 
possible that acute dehydration may alter these factors and 
thus effect a change in the rate of cellular La production.
CHAPTER 3 
METHODS AND PROCEDURES 
The purpose of this study was to determine the effect 
of acute thermal dehydration on the onset of the ATLa during 
an incremental exercise test. This chapter describes the 
procedures used in these experiments. It is divided into 
six main sections: research design, subjects, general data 
collection procedures, specific data collection procedures, 
and statistical analysis.
Research Design 
The research design followed a simple test-retest proce­
dure that involved each subject performing two incremental 
cycle ergometer exercise tests to volitional fatigue. On 
one occasion the subject performed the task in a normally 
hydrated state. On another day the subject performed the 
cycle ride after a period of thermal dehydration. Serial 
blood samples were drawn during the test in order to compare 
blood HLa levels. Anaerobic thresholds were determined, and 
time to exhaustion was recorded. A 2 x 5 ( 2 x 6  for La and 
Hct) randomized block design (RBD) was used with blocking on 
subjects.
Subjects
Thirteen (Appendix E) trained males volunteered to serve 
as subjects (Table). They were fully informed of the proce­





Age, Weight, and Percent of Body Weight 







1 27 89.09 4.95
2 25 58.97 5.30
3 31 82.56 3.90
4 24 77.11 5.60
5 40 71. 18 5.33
6 24 78 .18 4.90
Mean 28.50 76.18 5.00
i SE 2.54 4.22 . 24
General Data Collection Procedures
Subjects were familiarized with the laboratory appara­
tus and were informed of the procedures involved. Each sub­
ject was scheduled for two test sessions one week apart. The 
normal hydration (N) and dehydration (D) tests were appro­
priately scheduled to avoid an order effect. Subjects were 
asked to maintain their normal diet and activity prior to 
the test session.
On reporting to the laboratory each subject signed an 
informed consent (Appendix A ) . Each was weighed to the 
nearest quarter pound on a Health-O-Meter scale and height 
was measured on the scale statiometer. The subject was then 
prepared for collection of blood samples. Prior to the D 
test the technician (nurse) collected a pre-dehydration 
resting blood sample via venipuncture and a post-dehydration 
resting sample. For the normal hydration ride only the pre­
test resting sample was taken. Immediately after the rest­
ing sample was taken, an indwelling catheter was placed in 
the dorsal aspect of the hand and secured for collection of 
serial blood samples during the cycle ride.
For the dehydration test, the experimental procedure 
was identical except that prior to the cycle ride the sub­
ject reduced body weight by 5% through thermally induced 
dehydration. After reaching dehydration weight the subject 
returned to the laboratory and rested until the core tem­
perature had returned to a resting baseline. At that time 
the pre-test resting blood sample was collected, and the
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incremental exercise protocol commenced.
For both tests the cycle ride was terminated when the 
subject could no longer maintain the desired work rate.
Five minutes after completion of the test a recovery blood 
sample was collected and analyzed for La.
Specific Data Collection Procedures 
Cycle Ergometer Protocol
The Monark cycle ergometer (model 860) used in this ex­
periment was calibrated prior to each testing day. The sub­
ject was required to pedal at a constant rate of 60 rpm 
paced by an auditory-visual metronome. The initial work 
rate was 30 watts and was increased 30 watts every three 
minutes thereafter until the subject would not maintain the 
desired pedal frequency. Strong verbal encouragement was 
given to subjects during both tests in hopes of achieving 
maximal performance. The criterion for assessment of V02 
max was an increase in Vq 2 of less than 150 ml of oxygen 
in response to additional work load (Taylor, Buskirk, & 
Henschel, 1955).
Metabolic Measurements
Beckman LB-2 and OM-11 gas analyzers were used to 
measure the fractions of expired carbon dioxide and oxygen. 
The analyzers were calibrated with standardized gases prior 
to testing and every six minutes during the tests. Inspired 
minute ventilation was measured with a Parkinson-Cowan CD-4 
dry gas meter and was recorded with a NARCO Biosystems M-K 
III physiograph. The dry gas meter was calibrated prior to
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testing against a Collins six liter spirometer (model P-600). 
Expired gas fractions were recorded every 10 seconds and 
ventilation each 30 seconds. Oxygen uptake and carbon diox­
ide production were calculated according to Consolazio, 
Johnson and Pecora (1963).
Heart Rate
A Hewlett-Packard electrocardiograph (model 1511-B) was 
used to monitor heart rate. Heart rate was recorded during 
the last 15 seconds of each work load and rate was deter­
mined from the distance between three successive R-waves. 
Temperature Measurement
Core temperature was monitored via a rectal probe 
(Yellow Springs Instrument Company) placed 15-17 cm past the 
an^l sphincter. The changes in rectal temperature (Tr ) were 
recorded from a YSI telethermometer (model 46). 
Catheterization
After scrubbing the hand with alcohol an angiocath 
(Deseret Radiopaque Teflon catheter, 2 inch, 18 gauge,
Deseret Pharmaeceutical Co.) was removed from its sealed 
container and inserted about 1.5 to 2.5 centimeters into a 
vein on the dorsal aspect of the hand. If blood could be 
withdrawn from the syringe the catheterization was consid­
ered acceptable and the catheter was further inserted by 
sliding the cannula adapter along the needle until about 3.8 
centimeters of the catheter entered the vein. The catheter 
was taped in place and the needle withdrawn.
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A three-way stopcock with attached 50 ml container of 
saline was quickly fitted onto the neck of the Teflon cathe­
ter to prevent blood leakage and contamination. Blood was 
withdrawn into the syringe to be certain the catheter was 
still properly placed. About 0.5 ml of saline was then in­
fused into the vein to clear the catheter of blood and the 
stopcock was turned to seal the catheter. The catheter was 
secured to the hand by taping a gauze over the top of the 
exposed catheter.
Blood was collected the last 20 seconds of each work 
load. The minute before blood collection, the cap covering 
the withdrawal port was removed and a disposable 20 ml plas­
tic syringe (Becton, Dickenson, and Co.) was placed onto the 
port to clear the catheter of its saline. The stopcock was 
then turned to allow blood to flow from the catheter into 
the 20 ml syringe and a small amount of blood was withdrawn. 
The stopcock was now turned to stop blood flow, the syringe 
removed and capped, and a new sterile 5 ml syringe put in 
its place for sampling. The stopcock was then opened again 
and a 2 ml blood sample was withdrawn. The stopcock was 
then turned to the 50 ml syringe containing saline, and 0.5 
ml of the solution was infused to clear the catheter of 
blood. This sequence was repeated each sampling period. 
Blood Analysis
About 2 ml of the drawn blood sample was placed in a 
test tube containing 0.10 ml of 4% dried sodium fluoride.
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The blood and sodium fluoride was mixed and 1.0 ml of whole 
blood was placed in a tube containing a 2.0 ml of 7% per­
chloric acid, which was then thoroughly mixed and placed 
into an ice bath for later analysis. The remaining aliquot 
of blood (to be used for hematocrit analysis) was centri­
fuged in a heparinized tube at 3000 rpm for 10 minutes.
Lactate was analyzed by the enzymatic technique de­
scribed by Sigma (1968) (Appendix B). Plasma volume changes 
were estimated via techniques described by Van Beaumont, 
Greenleaf, and Juhos (1972) (Appendix C ) .
Determination of Anaerobic Threshold
Three independent investigators used the following cri­
teria to determine AT from computer-drawn plots: 1) A sys­
tematic (non-linear) increase in blood La concentration, and 
2) non-linear increase in Vg when graphed as a function of 
work rate (ATy-̂ ,) . Figure 1 presents an example (data on 
subject 1).
Dehydration
Subjects were dehydrated by serial 15 minute periods in 
a sauna (approximately 65°C), with five minute breaks be­
tween exposures. Dry weight and oral temperature were moni­
tored until 5% of the total initial body weight was lost. 
After dehydration weight was reached, the subjects took a 
cool shower and then rested in the laboratory until Tr re­
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Figure 1. Example of anaerobic threshold (AT) determination 
from blood lactate (La) and ventilation (VE ) during an 
incremental cycle test. Solid vertical line denotes 




A randomized block design was analyzed using a 2 x 5 
( 2 x 6  for La and Hct) factorial analysis of variance with 
repeated measures across time. The analysis was contingent 
upon having a complete data set, i.e., upon the shortest 
cycle bout. A paired t test was used to test for differences 
in the Vq 2 at which ATls occurred between treatments and to 
test for differences in performance time. Anaerobic thres­
hold determined by blood La (ATl& ) was correlated with ATLa 
determined by ventilation (AT^) . Significance was estab­
lished at .05 confidence limit. The Louisiana State Univer­
sity Computer Center was used for data analysis.
CHAPTER 4 
RESULTS AND DISCUSSION
The purpose of this study was to evaluate the effects 
of acute dehydration on the accumulation of blood La and AT 
during a progressive cycle ergometer exercise work bout. 
Measurements of variables associated with dehydration and 
anaerobic threshold were taken on six subjects during two 
cycle exercise bouts, one under normal conditions, and the 
other after acute thermal dehydration.
Results
The ATl3 occurred at a lower V0 2 , t(5) = -2.02, p < .09, 
during exercise in the D condition when compared to work in 
the N treatment. Although blood La concentrations tended to 
be greater across time during the D experiment, the differ­
ence was not significantly different, F(l,5) = 1.40, p y  .29, 
than the N condition (Figure 2).
Figure 3 demonstrates that Vq 2 increased in a linear
fashion as a function of work rate in both experimental con-
«ditions. No significant differences in exercise V q 2 > F(l,5)
= 4.82, p y .08, or the respiratory exchange ratio (R),
F (1,5) = .71, p y  .44, existed between treatments (Figure 3).
No significant differences existed between treatments 
for Vg, F(l,5) = .18, p > .69, tidal volume, F(l,5) = 2.01, 
p > .22, or the frequency of breathing, F(l,5) = 1.55, p > 
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Figure 2. Change in blood lactate (La) during the incre­
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Figure 3. Change in oxygen uptake (V0 2 ) and respiratory
exchange ratio (R) during the incremental cycle exer­
cise test. Values are means ± SE.
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Figure 4. Change in ventilatory parameters during the
incremental cycle exercise test. Values are means 
t SE.
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The correlation between ATLa and ATyE was not statis­
tically significant in condition N (r = -.51; p > .30) nor 
in treatment D (r = .16; p > .77).
The mean loss of body weight due to dehydration was 
5.0% ± SE .24. The estimate of mean plasma volume decrease 
as a result of the fluid loss was 5.81% ± SE .51. Figure 5 
presents the changes in hematocrit across work rates in both 
experimental treatments. As expected, hematocrit was sig­
nificantly, F(l,5) = 13.12, p <_ .02, higher in the D condi­
tion at each work rate when compared to the N experiment.
Heart rate increased in a linear fashion as a function 
of work rate in both exercise conditions (Figure 6). Al­
though the heart rate tended to be higher in condition D 
when compared to treatment N, the difference was not signif­
icant, F (1,5) = 3.79, p > .11.
Rectal temperature increased as work rate increased in 
both experimental conditions (Figure 7). As expected, Tr 
tended to be higher during work in the dehydrated state but 
the difference was not significant, F(l,5) = .74, p >  .43.
Time to exhaustion was less in 5 out of 6 subjects in 
condition D when compared to treatment N. The difference 
in performance time between conditions was statistically 
significant, t(5) = -2.08, p < .09.
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Figure 5. Change in hematocrit (Hct) during the incremental 
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Figure 6. Change in heart rate (HR) during the incremental 
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Figure 7. Change in rectal temperature (Tr ) during the 






The major finding of this study was that acute thermal 
dehydration results in a left shift of the ATl3 . In other 
words, blood La levels begin to systematically rise at a 
lower exercise Vq 2 following dehydration when compared to the 
same exercise protocol in a normal state of hydration. The 
reason for this finding is unclear. One possible explanation 
is that exercise following dehydration results in a greater 
circulatory stress and probably increased physical discomfort 
when compared to the same task under normal hydration. Both 
of these changes could result in plasma catecholamines rising 
at a lower relative work rate and thus stimulating both gly- 
cogenolysis and glycolytic flux (Powers, Howley, & Cox, 1982). 
However, on the basis of the present data alone, it is not 
possible to make a definitive statement as to the factor(s) 
that accounted for the shift in AT^a following dehydration. 
Clearly, additional research is warranted.
Although blood La levels tended to be higher in condi­
tion D when compared to treatment N, the difference was not 
significant (p >  .29). However, it should be noted that in 5 
of 6 subjects the blood La concentration was greater during 
exercise in the D condition when compared to the same work 
rate in the N treatment. This finding is probably due in 
part to the 6% reduction in plasma volume induced by thermal 
dehydration. For example, if the muscle was producing the same 
absolute amount of La in each of the two experimental treat­
ments the resulting blood concentrations would be dependent
entirely upon blood volume. However, it is not possible from 
the existing data to determine whether the higher blood La 
levels in treatment D resulted from blood volume changes a- 
lone or from a combination of volume changes along with an 
alteration in muscle La production between treatments.
It has become common practice for investigators to es­
timate ATl s from a nonlinear increase in V e (ATv e ) during 
graded exercise. This practice of predicting AT^a from 
ATy^, is based on the concept that the nonlinear rise in Ve 
observed during incremental exercise is due to the sudden 
increase in blood La levels. The low correlations between 
ATLa and ATyE presented in this study do not support the 
hypothesis that blood La is the only factor that contributes 
to exercise hyperventilation. This viewpoint is further 
supported by the recent work of Simon, Young, Gutin, Blood, 
and Case (1983). In addition, Hagberg, Coyle, Carroll, 
Miller, Martin, and Brooke (1982) suggested that group III 
and IV afferent nerves within skeletal muscles may partici­
pate in the regulation of ventilation. In a 197 8 review, 
Levine stated that the interaction of neural and humoral 
pathways in the regulation of exercise hypernea is not well 
understood. He cited metabolic acidosis, catecholamines, 
and an increase in ventilatory responsiveness to oxygen as 
contributors to excess ventilation, and adds that increases 
in body temperature and unspecified humoral factors may con­
tribute as well (1978, p. 60). The results of this study
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further support the idea of multiple mechanisms for the regu­
lation of exercise ventilation, with blood La being one of 
several other important stimuli of hyperventilation.
In the present study Vf? increased across work loads in 
each condition and there was no difference between conditions 
(Figure 4). Tidal volume tended to be less in condition D 
at higher work loads than at the same work load in condition 
N. In addition, the frequency of breathing was inclined to 
be greater at each work load in condition D than in condi­
tion N. This tendency toward decreased tidal volume and in­
creased frequency of breathing may have been due to cortical 
neurogenic input as a result of the discomfort of working in 
the dehydrated state (Vander et al., 1980, p. 361).
Oxygen uptake and R increased as a function of work rate 
during both experimental conditions. The linear increase in 
both V02 an<  ̂ R was unchanged between experimental conditions 
(Figure 3). Saltin (1964a, 1964b) also reported no change 
in submaximal Vq 2 after dehydration. It should be pointed 
out that Costill and others (1976b) have reported a reduction 
of RQ following dehydration during prolonged exercise. The. 
steady state, constant load nature of that study may have 
permitted a shift from carbohydrate metabolism, in the dehy­
drated condition, to greater lipid metabolism. The incre­
mental nature of the present study may have prevented a meta­
bolic shift from carbohydrate to fat due to an increasing 
recruitment of FT muscle fibers and rising blood La levels 
causing a re-esterification of free fatty acids.
Heart rate during submaximal exercise should be higher 
at any given work rate in a state of dehydration when com­
pared to the same work rate in a normal state of hydration 
(Knochel, 1974). The increased heart rate after dehydration 
occurs in order to maintain arterial pressure and cardiac 
output in spite of plasma volume loss. In the present study, 
heart rate tended to be higher at each work rate in condi­
tion D (Figure 6), but it was not significantly higher (p > 
.11). Two subjects’ heart rate responses were unchanged 
after dehydration and this may account for the lack of sig­
nificance detected by the repeated measures ANOVA. One of 
these subjects was unable to attain a body weight loss 
greater than 4%. In addition, the acute thermal dehydration 
produced an average plasma volume change of only 6%. Thus, 
the lack of significant heart rate difference between condi­
tions may be due to the "moderate" plasma volume change.
Several studies have reported performance time to be re­
duced as a result of dehydration (Craig & Cummings, 19 66; 
Palmer, 1967; Ribisl & Herbert, 1971; Saltin, 1972, 1964a, 
1964b; Sproles et al., 1976). In the present study perform­
ance time in condition D was shorter and was significantly 
changed between conditions (p <  .08). If reduced performance 
time in a dehydrated state were due to inadequate blood sup­
ply in the working muscles it should be reflected in a re­
duced peak Vq 2 * This was not the case. The present study, 
as well as Craig and Cummings' (1966), found no significant
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changes in exercise Vq 2 at terminal work loads. Saltin 
(1964a) suggested that psychological factors may help ac­
count for diminished performance after dehydration and in 
the present study subjects almost unanimously complained 
of being "drained" during exercise in the dehydrated state.
Rectal temperature was slightly increased during exer­
cise in the D condition compared to exercise in the N condi­
tion (Figure 7). Nadel (1979) postulates that dehydration 
may cause a reduced sensitivity to internal temperature thres­
hold for sweating. In response to acute dehydration, some 
investigators (Brouha & Radford, 1960; Claremont et al.,
1976; Claremont, Nagle, Reddan, & Brooks, 1975; Wyndham,
1973) reported higher Tr during exercise and others (Ekblom, 
Greenleaf, & Hermansen, 1970; Neilson, 1974) have reported 
reduced sweating rates during exercise. In addition Clare­
mont and others (1976) suggested that elevation of Tr follow­
ing dehydration was due in part to a reduction in peripheral 
blood flow to the skin. The insignificant elevation of Tr 
following dehydration in this study was probably explained 
by the moderate plasma volume change between treatments and . 
the short duration of the work bouts.
In summary, these data suggest that moderate dehydration 
reduces performance time during incremental exercise in 
most subjects. This may be due to psychological factors 
as well as biological limiting factors. In addition, the
ionset of ATLa occurred at a significantly lower in
condition D, suggesting that acute dehydration may alter the 
AT^a in an incremental work bout. Finally, the low correla­
tions between the ATl3 and ATyE in both experimental treat­
ments indicates that there may be factors other than blood 
La concentrations which affect respiratory control during 
incremental exercise.
CHAPTER 5
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Numerous investigators have raised questions concerning 
the effects of dehydration on exercise metabolism (Costill 
et al., 1976b; Saltin, 1964a, 1964b; Saltin & Stenberg, 1964; 
Torranin et al., 1979). It was the intent of this study to 
investigate the affects of acute dehydration on metabolism 
as evidenced by changes in the accumulation of blood La and 
the ATLa-
Six adult males were evaluated during two incremental 
cycle exercise bouts, one in a normally hydrated condition, 
and another after acute thermal dehydration. Minute venti­
lation, oxygen uptake, respiratory exchange ratio, heart 
rate, hematocrit, rectal temperature, and blood La measures 
were obtained at each work rate. The ATEa was determined 
using blood La values as well as VE . The hypothesis was 
that the ATLa would be reduced as a result of dehydration.
Summary of Results
1. Following acute dehydration blood La levels began 
to systematically rise at a lower exercise V02 when compared 
to the same exercise protocol in a normal state of hydration, 
t(5) = -2.02, p <  .09; the ATEa was shifted to the left.
Also, in 5 of 6 subjects blood La levels were higher during 
exercise in the D condition when compared to the same work 
rate in the N condition. The correlation between ATEa and 
ATve was not statistically significant under either condition.
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2. Performance time was expected to be reduced as a 
result of the acute dehydration, and it was significantly 
reduced in the D condition, t(5) = -2.08, p <.09.
3. As expected, due to the 6% reduction in plasma vol­
ume induced by thermal dehydration, the hematocrit was in­
creased significantly, F(l,5) = 13.12, p <  .02, both at 
rest and during the exercise bout following acute dehydra­
tion.
4. Heart rate tended to be higher at each work rate in 
condition D, but it was not significantly higher, F(l,5) = 
3.79, p >.11.
5. The linear increase in R as a function of work rate 
was unchanged between experimental conditions, F(l,5) = .71,
P >  • 44.
6 . Rectal temperature increased across time during 
exercise under each condition, and there was no difference,
F (1,5) = .74, p  >.43, between treatments.
Conclusions
The following conclusions were drawn based on the re­
sults presented in this study:
1. Loss of 5% of body weight via acute thermal dehydra­
tion induces a moderate plasma volume decrease and reduces 
performance time during incremental exercise in most sub­
jects;
2. Acute thermal dehydration may reduce the ATLa in 
an incremental work bout when compared to the same exercise 
protocol in a normal state of hydration;
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3. There may be factors additional to blood La concen­
trations which affect respiratory control during incremental 
exercise. These data suggest limitations in estimating the 
AT^a from the ATy^,.
Recommendations
It is recommended that further studies to clarify the 
limitations and regulation of metabolic processes during the 
stress of dehydration be undertaken. Further, it is recom­
mended that such studies could benefit by:
1. Using subjects whose training regimen and fitness 
levels are strictly controlled;
2. Controlling the subjects' diets in advance of each 
testing day; i.e., requesting each subject to follow a pre­
scribed diet 24 hours prior to the testing;
3. Evaluating blood hormone levels and plasma levels 
of free fatty acids and glycerol;
4. Using direct measurement of plasma volume.
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*T0 BE RETAINED BY THE INVESTIGATOR:
EXPERIMENT CONSENT FORM 
My signature, on this sheet, by which I volunteer to 
participate in the experiment on Effect of acute dehydration
on plasma lactate accumulation during graded exercise_________
conducted by
Penelope England, Scott K. Powers, Ronald Byrd, Ellen Brooks
School of HPERD and Doctor's Memorial Hospital_________________
Experimenter
indicates that I understand that all subjects in the project 
are volunteers, that I can withdraw at any time from the 
experiment, that I have been or will be informed as to the 
nature of the experiment, that the data I provide will be 
anonymous and my identity will not be revealed without my 
permission, and that my performance in this experiment may be 
used for additional approved projects. Finally, I shall be 
given an opportunity to ask questions prior to the start of 
the experiment and after my participation is complete.
Subject's signature
Appendix B 
Enzymatic Lactic Acid Analysis 
Principle of Operation
LDH(L+) Lactic acid + NAD+ ---  ̂ pyruvic acid + NADH
In the presence of LDH, lactic acid and NAD+ are con-, 
verted to pyruvic acid and NADH, respectively. The amount 
of NAD+ which is converted to NADH is measured spectrophoto- 
metrically 0 340 nm and becomes a measurement of the lactate 
originally present.
Even though excess NAD+ and LDH are present, the reac­
tion will only go to completion if the pyruvic acid is re­
moved. Therefore, a hydrazine-glycine buffer is added to 
remove the pyruvate end product. Since lactic acid is the
only molecule that will readily participate in this particu­
lar reaction, it is extremely reliable for that substance. 
Reagents
1. 70% perchloric acid (HCIO4 )
2. Hydrazine-Glycine Buffer 
Hydrazine sulfate —  Sigma No. H-3376
Glycine -- Sigma No. G-7126
3. Lactate Dehydrogenase (LDH) —  Sigma No. L-2625
4. Nicotinamide Adenine Dinucleotide, Ox. Form —
Sigma No. N-8129
5. Lithium (L+) Lactate Standard-Stock Sigma (L+) 
Lithium Lactate (L2250)
20 mM = 38.4 mg brought to 10 ml with H 2O
63
6 . 4% NaF (w/v)
Daily Work Solutions
1. 7% Perchloric Acid (100 ml)
Add 6.0 ml of 70% HCIO4 to a flask and bring to 
100 ml with H 2 O (Keep refrigerated)
2. Hydrazine-Glycine Buffer (100 ml)
(a) 0.4 M Hydrazine and 0.5 M Glycine. Add
3.76 gm Glycine and 5.20 gm Hydrazine 
Sulfate to about 8 0 ml H 2O
(b) Adjust pH to 9.0 with concentrated NaOH
and bring to 10 0 ml with H 2O
(c) Stable for 1 week
(d) Start a cocktail with 1 ml buffer/sample 
to be measured.
*3. Lactic Dehydrogenase
Add enough LDH to the cocktail so that the 
final concentration is 25 ^il/sample.
*4. Nicotinamide Adenine Dinucleotide, Ox. Form.
Add enough NAD to the cocktail that the final 
concentration is 1.25 mg/sample.
*5. Add enough H 2O to the cocktail so that the 
final concentration is 2 ml/sample.
*Should be added to cocktail only before use (i.e., 
after all samples and standards have been pipetted).
Working Standards
Add H 2O to all volumes of stock to make correct 
serial dilutions.
2mM = 0.5 ml stock up to 10 ml
6mM = 1.5 ml stock up to 10 ml
lOmM = 2.5 ml stock up to 10 ml
15mM = 3.75 ml stock up to 10 ml
Sample Collection
(a) 0.05 ml of 4% NaF is added to 12 x 75 mm 
test tube and dried overnight at 80°C.
(b) 1.5 ml of a blood sample is added to the 
NaF tube and mixed.
(c) 1.0 ml of the whole blood is then added
to a tube containing 2 ml of 7% perchloric 
acid for deproteinization. This is mixed 
and either refrigerated or centrifuged.
(d) After the sample is centrifuged, the super­
natant is drawn off to a separate tube
and frozen until analysis.
(e) Standard Curve. Add 100 ul of each working 
standard to 200 jrl of cold 7% HCIO4 . Mix 
thoroughly and treat as a blood sample.
(f) Analytical Procedure
(1) Standards and samples should be
analyzed in duplicate. Add 100 jil 
of Blank, Standards and Samples to
(2) Treat all of the above tubes as 
follows:
a. Add 1.5 ml buffer to each tube.
b. Mix thoroughly.
c. Incubate at 37°C for 30 min
and cool to room temperature for
15 min.
Absorbance Determination
(1) Read absorbance at 340 nm
(2) Use perchlorate blank to correct all
readings.
Calculations
(1) Due to quenching of the spectrophoto­
meter, the curve is not linear. To 
compensate, a standard curve must be 
used to get correct concentrations.
Appendix C
Formula for Estimation of % Change in Plasma Volume
1 • 100 100(HCTpre - HCTDOst)
% PV = 100 - HCTpre X Hctpost
(Van Beaumont et al., 1972)
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Appendix D 
Repeated Measures ANOVA: for Changes in 
Blood Lactate Across Work Rate
Source df SS MS F P
ID 5 50.77 10.15 7.45 .0230*
Cond 1 1.91 1.91 1. 40 .2905
Error a 5 6.82 1. 36
(ID*Cond)
Min 5 73. 86 14. 77 67.95 .0 0 0 1*
Cond*Min 5 2.06 . 41 1. 90 . 1306
Id*Min 25 24.57 .98 4.52 .0 0 0 2 *




There were originally thirteen subjects involved in 
the present study. However, due to the demanding nature 
of the treatments and the difficulty of the blood sampling, 
seven subjects had to be withdrawn from the experiment. 
Testing sessions had to be aborted for several reasons:
1. Failure to obtain the blood sample before the end 
of the designated sampling period;
2. Contamination of the sample due to infusion of 
saline;
3. Clotting within the catheter;
4. Mechanical failure.
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